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© AM noise reducing. 



© A receiver for receiving an amplitude modulated 
signal with upper and lower sidebands comprises an 
independent sideband receiver (6) for providing de- 
modulated upper (USB) and lower (LSB) sideband 
audio signals, a quality detector (9) for providing 
upper and lower quality signals representative of 
undesired noise in the demodulated upper and lower 
sideband s audio signals' respectively and a selector' 
(11,19,61) responsive to the quality signais for pro- 



cessing the upper and lower sideband audio signals 
to provide an audio output signal with reduced noise. 
Examples are described in which a plurality of band- 
pass filters are provided for decomposing the upper 
and lower sidebands into several contiguous pass 
bands, and in which a stereo decoder is used "for 
decoding a stereo signal and detecting a stereo pilot 
signal'. 
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AM NOISE REDUCING 



This invention relates to the reception of low 
frequency information amplitude modulating a high 
frequency carrier. 

Amplitude modulation (AM) broadcast channel 
assignments set the frequency - spacing between 
carrier frequencies of adjacent channels at 10 kHz, 
thus allowing each channel a 10 kHz bandwidth. 
The bandwidth for an AM double sideband signal is 
twice the bandwidth of the modulating signal. For 
example, if an AM carrier frequency is F c and the 
highest modulating frequency is F m , the bandwidth 
of the AM signal embraces lower and upper 
sidebands in the frequency range of F c -F m to 
F c + F m , To reduce interference of wide bandwidth 
transmissions, assigned AM channels in a local 
area are widely spaced. However, when transmis- 
sion conditions are favorable, such as at night, 
distant AM signals can easily interfere with local 
signals. Interference of this type usually results in a 
10 kHz whistle corresponding to the beat frequency 
with the carrier of the interfering station. To reduce 
audibility of this whistle, AM receivers typically 
include a filter cutting off audio frequencies above 
3 kHz after the demodulation stage or in the IF 
amplifier. This filter prevents reproduction of higher 
spectral components, which are desired for high 
fidelity. Therefore, the receiver reduces the fidelity 
advantages of a wide bandwidth transmission. 

The modulated signal can be recovered from 
either sideband. Single sideband (SSB) receivers 
allow selection of either sideband to reduce noise. 
Other AM receivers demodulate the sidebands sep- 
arately, and add the resulting demodulated signals. 
Still other AM receivers have 10 kHz bandpass 
filters on each sideband to detect the carrier of 
interfering stations, and provide variable band-re- 
ject filters for reducing the high frequency noise in 
sidebands adjacent to an interfering channel. 

Stereophonic AM systems transmit signals with 
different spectral distributions in the two sidebands. 
Kahn (U.S. Patents 3,218,393, 4,018,994, 
4,641,341) and Ecklund (U.S. Patent 4,489,431) 
. disclose, different .AM stereo systems. The former 
system transmits left and right stereo information 
separately in the two sidebands. The latter system 
(the CQUAM stereo system) amplitude and phase 
modulates the carrier with the sum, and difference, 
respectively, of the stereo signals. Both of these 
stereo systems also modulate the carrier with a low 
frequency pilot tone, which indicates the presence 
of a stereo transmission. Kahn and Ecklund dis- 
close using this pilot tone to reduce the effect of 
interference from neighboring channels through 
variable band-reject filters and channel mixing. 
The invention generally features a receiver for 



receiving an amplitude modulated double-sideband 
signal which is subject to interference, this receiver 
generally comprising: a sideband demodulator for 
separate demodulation of the upper and lower 

5 ' sideband signals; a quality detector detecting the 
quality of the upper and lower sideband signals to 
provide a quality signal indicative of the amount of 
interference on each sideband; and a selector re- . 
sponsive to the quality signal for providing a se- 

70 lected output signal derived from at least one de- 
modulated sideband signal. Preferably, the quality 
detector includes a correlator to measure more 
accurately the amount of interference in each 
sideband. 

75 The invention further features embodiments of 

the quality detector including high pass filters 
coupled to each sideband demodulator for provid- 
ing upper and lower sideband noise signals, a 
noise comparator for comparing the sideband sig- 

20 nals to filters for filtering the output of the cor- 
relator. 

The invention further generally features an em- 
bodiment of the selector comprising a plurality of 
variable gain amplifiers for amplifying selected 
25 components of the demodulated sideband 'signals 
and a summer for combining the amplified selected 
components provided by the variable gain amplifi- 
ers, where the quality signal controls the gains of 
the variable gain amplifiers. 
30 The invention further generally features logic 

elements responsive to the quality signal for in- 
stantaneously controlling the gains, and integrators 
■ for .converting the logic signals, from the logic ele- 
ments into analog control signals. 
35 The invention further generally features vari- 

able bandpass filters responsive to the control sig- 
nals for selectively filtering the sideband signals. 

The invention further generally features a ste- 
reo pilot tone detectors where the logic elements 
40 are also responsive to the detected pilot signal to 
provide left and right stereo signals. 

The invention also generally features a plurality 
of band-pass filters for decomposing the upper and 
lower sidebands into several contiguous pass 
45 bands, and processing circuitry as described above 
for each pass band. 

Other features and advantages will become 
apparent from the following detailed description 
when read in connection with the accompanying 
so drawings in which: 

FIG. 1 is a block diagram of a monophonic 

receiver according to the invention; 

FIG. 2 is a block diagram of a stereophonic 

receiver according to the invention; 

FIGS. 3-5 are block diagrams of embodiments 
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of quality detectors according to the invention; 
FIG. 6 is a block diagram of an embodiment of 
an audio selector according to the invention; 
FIG. 7 is a block diagram of an embodiment of a 
variable gain section according to the invention; 
FIG. 8 is a block diagram of apparatus for selec- 
tively filtering the sideband signals; . 
FIG. 9 is a family of frequency responses for the 
selective filter of FIG. 8; 

FIG. 10 is a diagram of an embodiment of a 
logic element according to the invention; 
FIG. 11 is a block diagram of a logic element 
and audio selector for a stereophonic receiver 
according to the invention; 
FIG. 12 is a block diagram of a multi-band 
receiver according to the invention; and 
FIG. 13 is a block diagram of a selector for the 
multiband receiver of FIG. 12. 
Referring to FIG. 1, there is shown a block 
diagram of an embodiment of a monophonic re- 
ceiving system in accordance with the invention. 
This receiving system comprises antenna, 1 con- 
necting to radio frequency amplifier 2. The output 
of radio frequency amplifier 2 is connected to mix- 
er 3. The other input of mixer 3 is connected to 
local oscillator 4. The output of mixer 3 is con- 
nected to intermediate frequency amplifier 5. The 
output of the intermediate frequency amplifier 5 is 
connected to independent sideband detector 6. 
The outputs of independent sideband detector 6 
are the upper and lower sideband audio signals on 
lines 7 and 8, respectively. Upper sideband audio 
signal on line 7 is connected to audio selector 11 
and to quality detector 9. Lower sideband audio 
signal on line 8 is also connected to audio selector 
1 1 and to quality detector 9. The outputs of quality 
detector 9 are upper and lower Equality signals on 
lines 26 and 27, which are representative of the 
quality of the upper sideband signal on line 7 and 
the lower sideband signal on line 8, respectively. 
These quality signals are fed to logic element 10. 
Logic element 10 provides control signals on lines 
38 which control audio selector 11. The output of 
the audio selector 11 is connected to the audio 
amplifier 12 which drives loudspeaker 13. 

Referring to FIG. 2, there is shown a block 
-diagram' of- an embodiment 'of- -a stereo ; receiving 
system in accordance with the invention. This sys- 
tem also comprises radio receiving antenna 1, ra- 
dio frequency amplifier 2, mixer 3, local oscillator 
4, intermediate frequency amplifier 5 and indepen- 
dent sideband detector 6 as in FIG. 1. The outputs 
of independent sideband detector 6 are also upper 
sideband audio signal on line 7 and lower sideband 
audio signal on line 8. These signals are delivered 
to quality detector 9 and audio selector 19, 

The output of intermediate frequency amplifier 
5 is also connected to CQUAM stereo detector 15, 
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that provides left stereo signal on line. 17, right 
stereo signal on line 18 and pilot sense signal on 
line 16. Pilot sense signal on line 16 is delivered to 
logic element 14. The outputs of the quality detec- 
5 tor 9, upper sideband quality signal on line 26 and 
lower sideband quality signal on line 27, are also 
delivered to logic element 14. The output of logic 
element 14 is coupled to audio selector 19. The left 
and light stereo signals on lines 17 and 18 are also 
w delivered to audio selector 19. Audio selector 19 
provides left audio signal on line 20 and right audio 
signal on line 21 . These signals energize left and 
right amplifiers 22 and 23 that drive left and right 
speakers 24 and 25. 
rs Referring to FIG. 3, there is shown a block 

diagram of an embodiment of quality detector 9 of 
FIGS. 1 and 2. The inputs to quality detector 9 are 
the upper sideband audio signal on line 7 and the 
lower sideband audio signal on line 8. These sig- 
20 nals are filtered by two 10 kHz high Q bandpass 
filters 28 and 29. The outputs of the bandpass 
filters are connected to upper and lower level de- 
tectors 30 and 31 to provide upper sideband qual- 
ity signal on line 26 and lower sideband quality 
25 signal on line 27, 

Referring to FIG. 4, there is shown a block 
diagram of an alternative embodiment of quality 
detector 9. The inputs to the quality detector 9 are 
the upper sideband audio signal on line 7 and the 
30 lower sideband audio signal on line 8. These sig- 
nals are fed to differencing amplifier 32 and to 
upper and lower multipliers 33 and 34. 

The output of differencing amplifier 32 is con- 
nected to the inputs of upper and lower sideband 
35 multiplier 33 and 34, directly and through inverting 
amplifier 35, respectively. The output of upper 
; sideband multiplier 33 is fed to low pass filter 36. 
The output of low pass filter 36 is the upper 
sideband quality signal on line 26. The output of 
40 lower sideband multiplier 34 is fed to low pass filter 
37. The output of low pass filter 37 is the lower 
sideband quality signal on line 27. 

Referring to FIG. 5, there is shown another 
alternative embodiment of quality detector 9. Upper 
45 sideband audio signal on line 7 and lower sideband 
audio signal on line 8 are fed to prefilters 39 which 
; emphasize the : high frequency components of 
these signals. The outputs of the prefilters are used 
in the place of the sideband audio signals in cir- 
50 cuitry identical to that of FIG. 4. 

Referring to FIG. 6, there is shown a block 
diagram of an embodiment of the monophonic 
audio selector 11 of FIG. 1. Upper and lower audio 
sideband signals on lines 7 and 8 are connected to 
55 upper and lower variable gain sections 48U and 
48L. Variable gain sections 48 are controlled by 
upper and lower logic signals on lines 38U and 38L 
from logic element 10 (FIG. 1). 
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Upper and lower audio sideband signals on 
lines 7 and 8 are also summed in summer 51 . The 
output of summer 51 is multiplied by 1/2 by am- 
plifier 60, which feeds two variable gain sections 
49B and 49F. Variable gain section 49B receives 
the summed signal from amplifier 60. Variable gain 
section 49F receives the summed signal from am- 
plifier 60 attenuated by 3 kHz low-pass filter 52. 
Variable gain sections 49 B and 49F receive BOTH 
and FILTERED logic signals on lines 38B and 38F 
from logic element 10. The outputs of variable gain 
sections 48U, 48L, 49B, and 49F are summed in 
summer 50 to provide the audio output. 

Referring to FIG. 7, there is shown a block 
diagram of a variable gain section 48, 49. A logic 
signal on a line 38 energizes integrator 39. The 
output of integrator 39 is connected to the control 
voltage input of variable gain amplifier 42. The 
control voltage is limited to a range between two 
rail voltages V+ and V- by iimiter diodes 40, 41. 
The audio input signal is fed to the signal input of 
the variable gain amplifier 42 to provide audio 
output signal on line 43. 

Referring to FIG. 8, there is shown a block 
diagram of apparatus for selectively filtering the 
sideband signals. Upper variable filter 44 and lower 
variable filter 45 receive upper sideband audio sig- 
nal on line 7 and lower sideband audio signal on 
line 8, respectively, and as control signals upper 
sideband quality signal on line 26 and lower 
sideband quality signal on line 27, respectively. 
Upper and lower variable filters 44 and 45 provide 
filtered upper and lower sideband audio output 
signals on lines 46 and 47, respectively. 

The quality signals on lines 26 and 27 control 
the transfer characteristics of variable filters 44 and 
. ■! 45. Referring to FIG. 9, there is "shown a family of 
variable filter transfer characteristics. The cutoff 
frequency of filters 44 and 45 decreases with de- 
creasing quality. 

Referring to FIG. 10, there is shown a diagram 
of an embodiment of logic element 10. Upper 
sideband quality signal on line 26 energizes "-" 
inputs of comparators 53A and 53D and " + " input 
of comparator 53F. Lower sideband quality signal 
on line 27 energizes inputs of comparators 53B 
i :. . Lvand,53G t :and + " input of comparator 53E. Com- 
parators 53C and 53D compare quality signals on 
lines 26 and 27 to a lower threshold provided by 
potentiometer 55. Comparators 53E and 53F com- 
pare quality signals on lines 26 and 27 to an upper 
threshold provided by potentiometer 54. Compara- 
tors 53A and 53B compare each quality signal to 
1/2 of the other quality signal. The outputs of 
comparators 53 are processed by logical elements 
56 to provide control signals on lines 38. This 
logical circuitry functions to select both sidebands 
when channel noise is low, the quiet sideband 



when only one sideband is noisy, and filtered 
sidebands when both are noisy. 

Referring to FIG. 1 1 , there is shown a block 
diagram of an embodiment of logic device 14 and 

5 audio selector 19 of FIG. 2. Logic element 14 
contains the circuitry of logic element 10 of FIG. 
10. Additionally, pilot sense input on line 16 is 
connected to logic gates 56A and 56B to produce 
stereo and sum control signals 38, respectively. 

10 The selection apparatus 19 contains variable gain 
sections 48 and 49, summer 51, gain amplifier 60, 
and 3 KHz filter 52 as in FIG. 6. In addition, 
selection apparatus 19 has left and right output 
summers 57L and 57R, respectively, for combining 

75 signals from variable gain sections 48, 49, 61 to 
produce left and right stereo output signals on lines 
20 and 21, respectively. The left and right stereo 
input signals on lines 17 and 18 from CQUAM 
decoder 15 energize variable gain sections 61 L 

20 and 61 R, respectively, with gain controlled by a 
"stereo" signal from gate 56A. 

Referring to FIG. 12, there is shown a block 
diagram of a multi-band stereophonic receiver. The 
receiver includes antenna 1, RF amplifier 2, mixer 

25 3, local oscillator 4, IF amplifier 5, ISB detector 6 
and CQUAM decoder 15 as in FIG. 2. Demodulated 
upper and lower sidebands on lines 7 and 8, re- 
spectively, feed a quality detector 9 and a plurality 
of band-limited signal processing systems 58. 

30 Quality detector 9 is connected to two comparators 
53 which compare the quality signals to a lower 
threshold signal set by potentiometer 55. The com- 
parator outputs are processed by logic gates 56 in 
conjunction with CQUAM pilot sense signal on line 

35 16 to produce stereo control signal on line 63. 
Stereo control signal on line 63 controls band- 
limited signal processing systems 58 and two vari- 
able gain sections 64. The inputs of variable gain 
sections 64 are connected to the signal outputs of 

40 CQUAM decoder 1 5 to provide stereo signals when 
the quality of the detected signal is satisfactory. 

In band-limited systems 58, the upper and low- 
er sideband audio signals on lines 7 and 8, respec- 
tively, are filtered by bandpass filters 59. The out- 

45 puts of bandpass filters 59 are connected to quality 
detectors 9 and audio selectors 61. The quality 
i detectors 9 control -the. selection-Circuits:61 through', 
logic elements 10 to pass the cleaner sideband 
signal. 

so The outputs of the band-limited systems 58 are 

combined with the outputs of the variable gain 
stages 64 in left and right summers 62L and 62R, 
respectively, to provide left and right output sig- 
nals, respectively, which energize left and right 

55 stereo amplifiers and speakers, not shown. 

Referring to FIG. 13, there is shown a block 
diagram of a selection apparatus 61 . Band-passed 
upper and lower sideband signals on lines 65U and 

4 
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65L, respectively, feed upper and lower variable 
gain sections 48U and 48L, respectively, and sum- 
mer 51 as in FIG. 6. The output of summer 51 
feeds to variable gain section 49 through amplifier 
60. The outputs of variable gain sections 48U, 48L, 
and 49 are combined in summer 50 to produce 
bandpassed output on line 66. Variable gain stages 
48U, 48L, and 49 are controlled by the indicated 
logic signals on lines 38 and the stereo control 
signal on line 63. 

Having described structural arrangements, the 
mode of operation will be described. The present 
invention reduces the effects of AM interference, 
such as that caused by adjacent transmitting sta- 
tions. In normal AM monophonic broadcasts the 
upper sideband and lower sideband carry identical 
information. The recovered audio is identical from 
either sideband. However, in the presence of inter- 
ference, it is very likely that the interference on one 
sideband will be quite different from the interfer- 
ence on the other sideband. For example, there 
may be an interfering station in the channel located 
above the carrier frequency of the desired station, 
but none in the channel located below the desired 
station. In this case, both the upper and lower 
sideband signals carry the same desired programs 
audio, but the upper sideband carries noise com- 
ponents not found in the lower sideband. 

The invention uses a wide bandwidth indepen- 
dent sideband receiver to receive simultaneously 
both sidebands. A quality detector and audio selec- 
tor automatically select the sideband with less 
noise and discard the other. The audio signal from 
the selected sideband energizes conventional am- 
plifiers and speakers to provide a wideband mon- 
ophonic audio program relatively free of the noise 
and distortion that would be reproduced by a con- 
ventional monophonic AM receiver. 

The quality detector according to the invention 
senses the overall correlation of the noise in the 
sidebands to the signal in the sidebands to provide 
a signal representative of the quality of the signal 
in each sideband. The quality detector is able to 
discriminate between sideband noise and signal 
because both sidebands carry identical desired sig- 
nal components, and thus the difference between 
the :: sideband signals 1 is nece'ssarily 4he^ uhdesired 
noise signal. 

in stereophonic AM systems, the sidebands 
may be corrupted by interference in much the 
same way as in monophonic AM. if both sidebands 
are free of interference, a conventional CQUAM 
detector is used to demodulate a full bandwidth 
stereo signal. If one or the other sideband is cor- 
rupted by interference, the noisy sideband is dis- 
carded, and the quiet sideband is reproduced. 
While the monophonic reproduction of one 
sideband is not identical to the sum of the left and 



right transmitted audio channel in the CQUAM sys- 
tem, the reduction in noise and interference offsets 
the imperfect demodulation of the audio. When the 
quality detection apparatus senses that both 

5 sidebands carry significant noise, the system may 
be operated monophonically, by providing the sig- 
nal derived from the reconstructed sideband sig- 
nals to both the left and right output amplifiers. 

Referring again to FIG. 1, the improved mon- 

io ophonic receiver includes conventional AM receiver 
topology through !F amplifier 5. This topology in- 
cludes a conventional RF amplifier 2, local oscilla- 
tor 4, mixer 3, and IF amplifier stage 5. The local 
oscillator 4 is sufficiently free of phase noise to 

75 avoid introducing audible noise in the independent 
sideband detection circuits 6. 

The two sidebands in the output of the inter- 
mediate frequency amplifier 5 can be indepen- 
dently detected in several well known ways. Two 

20 common methods are the filter method and the 
phasing method. Both of these are outlined in 
reference texts such as the ARRL Radio Amateur's 
Handbook. In addition, commonly available inte- 
grated circuits can be employed such as that dis- 

25 closed by Kahn in U.S. Patent 4 641 341, One 
such method is implemented in the independent 
sideband detection circuits 6 to produce the de- 
modulated upper and lower sideband signals on 
lines 7 and 8, respectively. 

30 Upper and lower sideband signals on lines 7 

and 8 energize quality detector 9 which provides 
upper and lower quality signals on lines 26 and 27 
respectively, indicative of the amount of undesired 
noise signal present in each sideband. 

35 There are two exemplary methods of generat- 

ing this quality signal. The first is shown. in block 
diagram form :in FIG. 3. Referring to FIG. 3, the 10 
kHz whistle signal in each of the two sidebands is 
passed by upper and lower 10 kHz high Q band- 

40 pass filters 28. and 29, respectively. A sideband 
having more of this 10 kHz signal present is likely 
to have higher levels of interference than a 
sideband having less 10 kHz content. The level of 
the 10 kHz signal in each sideband is represented 

45 by the output signal of upper and lower level de- 
tectors 30 and 31, respectively. 

. .is Another method for. determining the quality of^ 
the upper 'and lower sidebands provides a signal 
which dynamically indicates the amount of interfer- 

50 ence present as the modulation of the interfering 
station changes. This method is embodied in the 
quality detection circuit shown in FIG. 4. The qual- 
ity signal circuitry subtracts one sideband audio 
signal from the other with combiner 32. In a mon- 
55 ophonic system in the absence of any interference, 
two sideband audio signals are identical and their 
difference approaches zero. In the presence of 
interference, the difference signal is simply the 
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interference. The two sideband audio signals are 
each multiplied by the difference signal in upper 
and lower multipliers 33 and 34, respectively, and 
the product signals are lowpass-filtered by upper 
and lower filters 36 and 37, respectively, inverting 
gain stage 35 inverts the difference signal before it 
is applied to lower sideband multiplier 34. This 
inversion keeps the output sign of the lower 
sideband multiplier 34 the same as that of the 
upper sideband multiplier 33. 

The outputs of multipliers 33 and 34 measure 
the correlation between the noise signal and each 
of the two sideband audio signals. A low level of 
noise correlation yields a low output from upper 
and lower filters 26 and 27, and is indicative of a 
high quality signal. In the presence of noise the 
output of the filters increase. 

For example, consider the case where the up- 
per sideband signal on line 7 is corrupted by noise 
while the lower sideband signal on line 8 is free of 
noise. In this example, the difference signal is 
primarily the noise and interference in the upper 
sideband signal on line 7. The correlation between 
this signal and the clean lower sideband audio 
signal on line 8 will be essentially zero, and the 
output of lower filter 37 will be small. However, the 
correlation between the difference signal and the 
corrupted upper sideband signal on line 7 will be 
high since the noise appears in both signals. Thus 
the output of upper lowpass filter 36 will be high. In 
this manner, the quality of each sideband audio 
signal can be assessed quantitatively to provide 
representative upper and lower sideband quality 
signals on lines 26 and 27. 

Upper and lower tow pass filters 36 and 37 
preferably exclude any normal modulating audio 
frequencies or any low frequency ■ stereo pilot -tones 
in use. However, their bandwidth is preferably wide 
enough to follow changes in the interference level 
that result as a moving receiver (such as in a 
vehicle) travels through regions of higher and tower 
interference. A bandwidth on the order of 10 Hz 
has been used effectively. 

A modification of the method discussed above 
for deriving a quality signal is embodied in the 
system of FIG. 5. Referring to FIG. 5, upper and 
? lower , pre-emphasis filters 38 receive the ' upper 
sideband signal on line 7 and the lower sideband 
signal on line 8. By emphasizing high frequencies, 
the prefilters provide signals more representative of 
the interference in the high frequency portion of the 
audio band and quality signals better representa- 
tive of high frequency interference. Because of the 
high frequency nature of adjacent carrier interfer- 
ence, high frequency information . is believed to be 
more meaningful in sideband selection. A single 
order shelf filter which begins to rise at 1 kHz and 
returns to a flat response at 1 0 kHz has been used 



satisfactorily as a prefilter. 

Referring again to FIG. 1 , the quality signals on 
lines 26 and 27 feed logic device 10 which deter- 
mines the sideband to be selected by audio selec- 

s tor 11. A suitable logic device 10 is shown in FIG. 
10. When both quality signals on lines 26 and 27 
are below some lower threshold set by potentiom- 
" eter 55, both sidebands are essentially free of 
audible noise. Logic element 10 then causes 

w switching circuitry 1 1 (FIG. 1) to provide the sum of 
both sidebands. A "1" at the "select both" output 
of lines 38 signals this condition. Using the sum 
produces some signal to noise ratio improvement 
over that of using either sideband alone. 

75 If one of the quality signals on lines 26 and 27 

exceeds the lower threshold, that sideband has 
audible noise. Logic element 10 then causes audio 
selector 11 (FIG. 1) to select the sideband audio 
that is essentially free of audible noise. A "1 " on 

20 one of the "select lower" and "select upper" out- 
puts of lines 38 identifies the sideband free of 
noise, if both quality signals exceed the lower 
threshold, the apparatus selects the sideband audio 
having less noise. 

25 It may be advantageous to make these thresh- 

olds variable, depending on detection of the stereo 
pilot signal, for example. In receiving a stereo 
broadcast, it may be desirable to establish a higher 
value for the lower threshold than for a monophonic 

30 broadcast. For a monophonic broadcast, no in- 
formation is lost when deriving the audio signal 
from a single sideband. By changing the level of 
the threshold upon detecting a stereo pilot signal, 
the receiver may remain in the stereo reception 

35 mode for higher levels of interference to continue 
to provide stereo information that listeners may 
prefer. . . , 

In one embodiment, hysteresis circuitry com- 
pares the quality signals, and as shown in FIG. 10, 

40 the comparator outputs drive a flip-flop. For the 
comparators to toggle the flip-flop, one quality sig- 
nal must exceed the other by 6 dB. If the quality 
signals are nearly equal, there is no change in 
sideband selection. This requirement helps avoid 

45 numerous selection changes in a short time inter- 
val. 

If both quality signals exceed a second, higher; 
threshold set by potentiometer 54, both sidebands 
have high noise levels. In this case, if the quality 

so signals differ by 6 dB, the circuitry still selects the 
higher quality signal. Otherwise the logic circuit 10 
causes switching circuit 11 to select a low-pass 
filtered sum of the two sidebands. A "1" on the 
"select filtered" output of lines 38 signals this se- 

55 lection. Thus, when the entire channel is very 
noisy, the proposed receiver effectively functions 
as a conventional broadcast receiver with a nar- 
rower audio passband. 

6 
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Since switching between sidebands can occur 
dynamically and at a relatively fast rate, this sys- 
tem is capable of selecting the better sideband 
audio as the modulation of the interfering station 
varies. Thus, in the case of interfering stations both 
above and below the desired station, the system 
can select the upper sideband when the interfering 
station above the desired station has a low interfer- 
ence level and can switch to the lower sideband 
when the interference level of the upper station 
increases. The system constantly selects the less 
noisy sideband according to criteria set forth 
above. 

At times, this switching might create audible 
artifacts. If neither sideband is noise free, the char- 
acter of the background noise will change as the 
selected sideband changes. According to another 
aspect of the invention, the sideband audio signals 
are cross-faded when changing the sideband se- 
lected to reduce audible switching artifacts. When 
the logic circuit 10 signals selection of the other 
sideband, circuitry gradually reduces the level of 
one sideband while increasing the level of the 
other. By maintaining the total audio voltage am- 
plitude at an essentially constant level, the program 
volume perceived by a listener does not appear to 
change. Since the noise gradually changes from 
that in the previously selected sideband to that in 
the newly selected sideband, the change is less 
noticeable and significantly less objectionable. 

A particular embodiment of a circuit which ac- 
complishes this cross-fading is shown in the block 
diagram of FIG. 7. A logic signal from logic cir- 
cuitry 10 on line 38 drives an integrating amplifier 
39. When the logic signal on line 38 changes state, 
the integrator output ramps up or down depending 
oh the direction of the state change. The output of 
integrator 39 controls a variable gain amplifier 4-2 
which varies the level of the associated audio sig- 
nal. The integrator output is limited to the range 
between the two power supply rails by diodes 40 
and 41. By adjusting variable gain amplifier 42 to 
have gains of 0 and 1 at the lower and higher rail 
levels, respectively, when a logic signal changes 
state, the audio output signal on output 43 fades 
down to 0 or blooms up to full. 

■• An -audio selector 11 using variable gain sec- 
tions 48 and 49 (FIG. 7) is shown in FIG. 6. The 
logic signals from logic element 10 on lines 38 
control' four variable gain sections 48U, 48L, 49B 
and 49F. Variable gain sections 48U and 48L re- 
ceive upper and lower sideband audio signals on 
lines 7 and 8, respectively. Variable gain sections 
49F and 49B receive filtered and urifiltered ver- 
sions of the average of the sideband signals. Sum- 
mer 50 combines the outputs of all four variable 
gain sections 48U, 48L, 49B and 49F to produce 
the output of the selector. When logic device 10 



toggles from one "1" output to another, the pre- 
viously selected signal fades to zero, and the new 
signal blooms to full. (Note that only one of the four 
control lines 38 can have a "1" at any one time.) If 
5 the logic element toggles between or among two or 
more "1" levels at a high rate, the corresponding 
signals are mixed together. 

A further modification of the receiver may com- 
prise variable cutoff filters energized by the two 
70 sideband audio signals on lines 7 and 8. The 
variable filters filter each sideband audio according 
to the associated quality signal as shown in FIG. 8. 
When the quality signal for one of the sidebands is 
low, indicative of a sideband with low levels of 
15 audible noise, the associated variable filter has 
essentially no effect. As the quality decreases and 
the quality signal on line 26 or 27 increases, the 
associated variable filter first functions as a high Q 
band reject filter centered at 10 kHz. In this way, 
20 the variable filter rejects the 10 kHz whistle without 
substantially reducing the high frequency content 
of the audio signal. As the quality signal further 
increases, indicating greater levels of interference, 
the Q of the filter decreases to low pass filter the 
25 audio signal. The filter then functions as a variable 
cutoff low pass filter where the filter Q is deter- 
mined by the level of the quality signal. A family of 
filter curves characterizing this variable filter is 
shown in FIG. 9. 
30 Variable filters 44 and 45 allow the second 

threshold in the logic circuits to be adjusted up- 
wards. In the case where both sidebands have 
some noise, the variable filtering approach allows 
individual sidebands to be used with increasing 
35 levels of noise before switching to the heavily fil- 
tered condition using the sum of both sideband 
signals. . rt ■ ! 

Referring again to FIG. 2, there is shown an 
adaption of the improved receiver for AM CQUAM 
40 stereo broadcasts. When the receiver is tuned to a 
CQUAM stereo broadcast (as determined by the 
presence of a pilot signal on line 16) logic device 
14 can enable switching circuitry 19 to select the 
output of stereo decoder 15. 
45 An embodiment of logic device 14 and switch- 

ing circuit 19 for CQUAM stereo is shown in FIG. 
• 11. Logic device- 14; responds to the pilot sense 
signal on line 16 to produce a "stereo" signal on 
lines 38, which enables stereo reception. Stereo 
50 reception is only allowed when both sidebands 
have good quality—indicated by a 1 on the "sum" 
output of monophonic logic device 10. When stereo 
reception is enabled, the "stereo" line of control 
lines 53 carries a "1", and the other control lines 
55 each carry "O n , so the processed and unprocessed 
versions of the sidebands on lines 7 and 8 fade to 
zero, and the CQUAM detector inputs on lines 17 
and 18 bloom to full. 
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The output of selector 19 is separated into left 
and right outputs 20 and 21 respectively. The pro- 
cessed and unprocessed sideband signals feed 
both left and right under the control of logic signals 
on lines 38 as described above. The left and right 
stereo signals from variable gain sections 61 L and 
61 R energize left and right summers 57L and 57R, 
respectively, when enabled by a "stereo" signal on 
a line 38. 

Logic device 14 might also use additional sig- 
nals from the stereo decoder. For example, the 
A VC voltage developed by the CQUAM decoder 1 5 
measures the radio frequency signal strength, and 
thus might be used to alter the thresholds at which 
switching takes place. 

In another embodiment of the receiver, 
CQUAM stereo reception may be maintained under 
noisy conditions by implementing a CQUAM detec- 
tor which combines the phase modulated differ- 
ence signal with a sum signal that has been re- 
constructed from the sidebands. 

The receiver of FIG. 2 may also be modified to 
receive a Kahn/Hazeltine stereo broadcast by re- 
placing the GQUAM decoder 15 with an appro- 
priate pilot signal sensor. Because the two 
sidebands are respectively the ieft and right chan- 
nel in a Kahn/Hazeltine broadcast, when a stereo 
broadcast is sensed, the channels can be appro- 
priately selected by suitably modified switching 
circuitry 19. 

If both types of stereo broadcasts may be 
received, a separate detector may be added to the 
circuit of FIG. 2 to detect the frequency of the pilot 
tone. The type of stereo broadcast being received 
can be determined from the frequency of the pilot 
tone, and proper action taken. 

The system described above may be modified 
for still higher performance by dividing the audio 
frequency band into a number of contiguous nar- 
rower frequency bands, and providing each fre- 
quency band with a full separate system as de- 
scribed above. As an example, such a system 
might select the audio from 50 Hz to 3 kHz from 
the upper sideband, 3 kHz to 8 kHz from the lower 
sideband, and 8 kHz to 10 kHz from the upper 
sideband based on differing noise levels between 
sideband components in these frequency bands. 
Together, the ensemble of bandpass filters pro- 
vides complete but non-overlapping coverage of 
the audio band. The filter spacing need not be 
uniform. Since mid and high frequency noise is 
more annoying, it may be advantageous to have 
more filters, each of which is narrow, in the high 
frequency range than in the low frequency range. 

A stereo receiver using this multi-band ap- 
proach is shown in FIG. 12. (A monophonic re- 
ceiver may also embody multi-band system.) The 
upper and lower sideband signals on lines 7 and 8 
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drive several frequency band processing systems 
58, where each system is similar to that of FIG. 1. 
To allow stereo reception, a quality detector 9 and 
comparators 53 check for low-noise sidebands. If 

5 the sideband noise is low enough for stereo and a 
pilot signal is present, the outputs 17 and 18 of the 
CQUAM detector are bloomed in and the outputs 
of the frequency band processors 58 are faded out. 
Stereo reception is indicated by a "1" on the 

70 stereo control line 63. To achieve stereo reception, 
this line controls the gain of the CQUAM outputs 17 
and 18, and also controls the modified selection 
devices 61 in the frequency band processors. 

A selection device 61 which is responsive to 

75 the stereo control signal 63 is shown in FIG. 13. In 
FIG. 13, the selector output on line 66 can be 
either band-passed sideband, or the sum of the 
two. A "1 " on the stereo control line 63 fades out 
ail signals. Switch 67 allows the selection device to 

20 operate in two different modes. In the first mode 
switch 67 connects to ground. In this mode, when 
the logic device 10 for the band processing system 
indicates heavy noise on both sidebands, 
(indicated by a "1" on the "filtered" line 38), the 

25 selector output on line 66 fades to zero. In the 
second mode, switch 67 connects to the "filtered" 
line 38. In this mode, under heavy interference, the 
output of the selector will be the sum of the two 
sideband signals. (Note again that only one line 38 

30 can have a "1".) Thus the position of switch 67 
determines whether frequency bands with heavy 
noise are discarded or simply averaged. In some 
embodiments, ail interfered bands would be dis- 
carded. In other embodiments, only high frequency 

35 interfered bands would be discarded. 

The number of frequency bands used in such 
a system depends upon the allowable complexity 
and the cost of the receiver. However, since the 
system of FIG. 12 can be embodied in one or more 

40 integrated circuits, a complex multiband system 
may be fabricated at reasonable cost. 

This invention provides for high fidelity AM 
reception with reduced noise. Other embodiments 
are within the scope of the appended claims. 

45 

Claims - , , 

1. A receiver for receiving an amplitude modulated 
so signal with upper and lower sidebands, the receiver 
comprising: 

an independent sideband receiver (6) for providing 
demodulated upper (USB) and lower (LSB) 
sideband audio signals; 
55 a quality detector (9) for providing upper and lower 
quality signals representative of undesired noise in 
the demodulated upper and lower sideband audio 
signals respectively; and, 
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a selector (11,19,61) responsive to the quality sig- 
nals for processing the upper and lower sideband 
audio signals to provide an audio output signal with 
reduced noise. 

2. A receiver according to claim 1 , wherein the 
quality detector (9) comprises a prefiiter (28,29,39) 
for each of the upper and lower sideband audio 
signals. 

3. A receiver according to claim 2, wherein the 
prefilters are high pass filters (39). 

4. A receiver according to claim 2, wherein the 
prefilters are 10 kHz high Q band pass filters 
(28,29). 

5. A receiver according to any of claims 1 to 3, 
wherein the quality detector (9) comprises a com- 
biner (32) for differentially combining the demodu- 
lated upper and lower sideband audio signals to 
provide a noise signal, and a correlator (33,34,35) 
for correlating the noise signal and the demodu- 
lated sideband audio signal in the associated 

' sideband to provide the quality signals. 

6. A receiver according to claim 5, wherein the 
quality detector (9) further comprises low pass fil- 
ters (36,37) for providing the quality signals. 

7. A receiver according to any of claims 1 to 6, 
further comprising variable band pass filters (44,45) 
responsive to the quality signals and filtering the 
demodulated upper and lower sideband audio sig- 
nals, the selector (11,19) being responsive to the 
output of the variable band pass filters (44,45). 

8. A receiver according to any of the preceding 
claims, further comprising a plurality of band-pass 
filters (59) for selectively transmitting spectral com- 
ponents of the demodulated upper and lower 
sideband audio signals in contiguous frequency 
bands, a corresponding plurality of quality detec- 
tors (9) and selectors (61) each associated with a 
respective band pass filter (59), and a summer 
(62L,62R) for combining the output audio signals 
provided by the selectors (61). 

9. A receiver according to any of the preceding 
claims, wherein the or each selector (11,19,61) 
comprises a plurality of variable gain amplifiers 
(48,49) for amplifying signals related to the de- 
modulated upper and lower sideband audio signals, 
and a summer (50,57) for combining the outputs of 

: the variable gain amplifiers (48,49), the variable 
gain amplifiers each having a gain controlled by 
control signals related to the quality signals. 

10. A receiver according to claim 9, further com- 
prising a logic device responsive to the quality 
signals for providing the control signals. 

11. A receiver according to claim 10, further com- 
prising an integrator (39) integrating the control 
signals for controlling the variable gain amplifiers 
(48,49). 

12. A receiver according to any of the preceding 
claims, further comprising a stereo decoder (15) for 



10 



75 



20 



25 



30 



35 



40 



45 



50 



55 



decoding a stereo signal and detecting a stereo 
pilot tone, the or each selector (19,61) being addi- 
tionally responsive to the detected stereo pilot tone 
for providing left and right stereo signals. 

13. A receiver according to claim 12, wherein the 
selector (19) further comprises variable gain am- 
plifiers (61L,61R) for selecting the left and right 
stereo signals. 

14. A receiver according to any of the preceding 
claims, wherein the selector (11,19) further com- 
prises a summer (51) for summing the demodu- 
lated upper and lower sideband audio signals, a 
low pass filter (52) for filtering the summed upper 
and lower sideband audio signals, and variable gain 
amplifiers (48,49) for selecting the summed or the 
filtered and summed upper and lower sideband 
audio signals. 
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signal with upper and lower sidebands comprises an 
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bands, and in which a stereo decoder is used for 
decoding a stereo signal and detecting a stereo pilot 
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